INTRODUCTION
Recent developments have greatly increased the efficiency of DNA recovery from ancient and preserved specimens (Nicholls 2005 , Gilbert & Willerslev 2007 . The application of such methodologies to specimens archived in laboratories and museums has provided new opportunities for the study of genetic changes in populations over long periods of time and thus provides a rich pool of information that can be applied to a wide variety of conservation and evolutionary questions.
The inevitable degradation of DNA by endogenous nucleases after death presents problems. Bacteria, fungi and insects that feed on macromolecules can further degrade DNA. However, degradation is slowed down under conditions of rapid desiccation of tissue after death, or if the DNA becomes absorbed into a mineral matrix such as bone or teeth (Pääbo et al. 2004) . Natural degradation results in the reduction in the size and quantity of DNA molecules, but the problem can be overcome by using primers that can amplify short fragments of < 200 to 300 base pairs (bp) (Taberlet et al. 1999) .
Traditionally, studies of temporal changes in populations of aquatic organisms have been carried out using fresh or frozen tissue samples. With the development of rapid extraction methods to recover DNA from ethanol-preserved tissue and bony structures such as fish scales (Yue & Orban 2001) and otoliths (Hutchinson et al. 1999) , it is now possible to compare historical and contemporary populations of fish (Hutchinson et al. 2003 , Hoarau et al. 2005 . For example, Hutchinson et al. (2003) identified 2 significant population declines associated with intense exploitation over the period 1954 to 1998, using a temporal series of archived otoliths from North Sea cod, currently listed as a threatened species (IUCN 2002) .
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Resale or republication not permitted without written consent of the publisher OPEN PEN ACCESS CCESS attaches the 2 valves. We hypothesize that in the construction of the ligament, some cells, along with their DNA, become embedded and preserved in the protein-calcium carbonate matrix. Alternatively, a few cells may remain attached to the ligament after death, and serve as a source of DNA. The use of the ligament for DNA extraction also allows for the non-destructive sampling of archived specimens because once the ligament has been removed, the remaining shell is left intact.
MATERIALS AND METHODS
Samples. Mussel shells from Kilmore Quay, Co. Wexford, Ireland (52°10' N 6°35' W), collected in the summer of 1970 for a morphometric study (Seed 1974) , and subsequently deposited with the Belfast Natural History Museum, were analysed together with a recent sample collected in November 2006 from the same location. Shells from each sample (N = 50) were washed in sterile deionised water and dried in an incubator at 100°C for 4 h to remove any adhering cells, either from the mussel's own (native) tissue or contaminating cells from another individual. For each shell valve, any remaining ligament on the shell was removed and placed into a 1.5 ml Eppendorf tube and the tissue crushed with a metal rod. This procedure was performed under sterile conditions. DNA extraction and analysis. DNA was extracted using the QIAGEN DNEASY ® Blood and Tissue Kit (Qiagen). The manufacturer's protocol was followed, except digestion time was increased from 5 to 6 h to approximately 30 h. To compare results from shell ligament and body tissue in the 2006 sample, DNA was extracted from the posterior adductor of the same 50 ind. using a standard phenol-chloroform method. DNA was quantified using a Cary 50 scan UV visible spectrophotometer that uses Cary WinUV software.
In Ireland, mussels are comprised of an interbreeding mixture of Mytilus edulis and the Mediterranean mussel M. galloprovincialis (Gosling 1992) . To identify the 2 species and their hybrids we used the DNA marker Me15/16, located within the nuclear gene encoding a polyphenolic adhesive protein, a key component in forming the byssal threads that attach mussels to the substrate. PCR amplification produces a species-specific band of about 180 bp for M. edulis and a 126 bp band for M. galloprovincialis; individuals with both bands are considered to be hybrids (Inoue et al. 1995) . We are aware that the use of the term 'hybrid' is a simplification, because if hybrids are fertile both the two-banded and single banded genotypic classes will also contain some F2 backcross individuals.
Amplification of Me15/16 was carried out in a 15.5 µl reaction mix containing 6.9 µl of extracted DNA, 0.6 mM of each dNTP, 2.5 mM of MgCl 2, 6 µM of forward and reverse primers, 0.6 U of RedTaq™ polymerase, PCR buffer (Sigma) and sterile deionised water. Protocols for thermocycling and electrophoresis followed Coghlan & Gosling (2007) . Negative and positive controls, plus a molecular weight ladder (HyperLadder V, Bioline), were included on each gel.
Because only 2 alleles and 3 genotypes are observed at the Me15/16 locus, it is possible that the single or 2-banded patterns on the gel may represent amplified DNA from more than one individual. Therefore, to test for possible contamination between individual mussels in the historical sample we used a dinucleotide repeat microsatellite marker, Mgμ7, for which 14 alleles have been reported (Presa et al. 2002) with potentially over 100 genotypes expected. Amplification was carried out in a 10 µl reaction mix containing approximately 1 µl (5 to 60 ng) of template DNA, 0.2 mM of each dNTP, 1.5 mM of MgCl 2 , 10 pmol of forward and reverse primer, 0.5 U of RedTaq™ polymerase, PCR buffer (Sigma) and sterile deionised water. The thermocycling protocol consisted of an initial denaturation step at 95°C for 5 min, followed by 35 cycles at 95°C for 1 min, 35 cycles at 55°C for 40 s, 35 cycles at 72°C for 1 min, and a final extension at 72°C for 15 min. PCR products were diluted (1:10) with deionised water; this mixture was again diluted (1:10) with loading buffer. Amplification products were separated on 6.5% polyacrylamide gels using a Li-COR 4300 automated sequencer. (Table 1) . Shell ligament DNA from these 39 ind. was also assayed, and in every case there was an exact match between tissue and shell ligament genotype. In the 1970 sample 10 alleles and 12 different genotypes were observed for 22 ind. that successfully amplified during PCR.
RESULTS

DNA
In the 2006 sample, 36 of the 39 ind. were 2-banded Mgμ7 heterozygotes and the other 3 were singlebanded homozygotes, while in the 1970 sample, 15 of the 22 ind. were heterozygotes and 7 were homozygotes. If there was contamination in the 1970 sample, some of the 'heterozygotes' could in fact comprise 2 or more individuals homozygous for 2 different alleles. However, tests for deviations from Hardy-Weinberg equilibrium (Raymond & Rousset 1995) showed no observable significant excess (or deficit) of heterozygotes in either the old (p = 0.917, ns) or new (p = 0.886, ns) samples. Conversely, some homozygotes might comprise 2 or more individuals homozygous for the same allele. The very low homozygosity in the 2006 sample, and to a lesser extent in the 1970 sample, makes it unlikely that contaminating individuals, if samples. Since the same banding pattern was observed for tissue and shell ligament of the 7 ind. in the 2006 sample, we think that the additional bands were not caused by contamination but were non-specific products of PCR amplification, probably related to the fact that Mgμ7 was specifically developed for M. galloprovincialis.
DISCUSSION
We have shown that it is possible to extract DNA from bivalve shell ligaments, previously not considered subjects for genetic analysis. Historical shell collections abound in museums worldwide and have the advantage of being individually catalogued with collection date and place. Another source of ancient and historical samples are shell middens, archaeological deposits of food refuse found in coastal zones all over the world, mostly consisting of the remains of edible molluscs. Radio carbon dating of shells has shown that the age of middens ranges from the Mesolithic period (~8000 to 4000 BC) to the 19th century (Cunha et al. 2002) .
Our study has unlocked a new source of genetic data that can be used to expand many areas of bivalve taxonomy, population history and phylogeography. Biological research is dependent on species identification, and DNA sequences in conjunction with morphological and ecological information can be useful, particularly for closely related or poorly differentiated species. A 650 bp fragment of the 5' end of the mitochondrial gene cytochrome c oxidase I (COI) has been designated as the barcode region for animals (Hebert et al. 2003) , although other variable sequences can be used. For specimens with degraded DNA, shorter COI fragments (100 to 200 bp) have been shown to be effective for identification of species in > 90% of cases (Hajibabaei et al. 2006) . Currently, barcode library construction focuses on DNA analysis from recently collected, well-preserved specimens, and to date about 2000 bivalve specimens have been barcoded, the majority from unspecified regions
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. The retrieval of DNA sequences from archived shells would provide a cost-effective way of building barcode libraries with a broader geographical coverage of individual taxa than has been possible to date. In addition, retrieving DNA from shell ligament may allow comparison of sequences from extinct species of bivalves with those of extant species, via molecular phylogenies using sequence data with sufficient phylogenetic signal to resolve evolutionary relationships e.g. 18S rRNA, 28S rRNA (Hajibabaei et al. 2007) .
It may be possible to track changes in bivalve populations over time through analysis of the DNA from preserved museum specimens, either retrieved by archaeologists at a single site, or collected from a single locality by earlier generations of scientists. We used Me15/16 and Mgμ7 to compare genetic structure between a 37 yr old mussel sample and a present-day one, both collected from the same location. We found no significant difference in allele frequency between old and new samples at the Me15/16 locus. There appeared to be differences using Mgμ7, but in view of the high polymorphism of this locus and the relatively small sample sizes analysed, we did not attempt a statistical comparison. So far, DNA temporal studies have focused on just a few commercially important marine fish species and most have provided convincing evidence, from archived otoliths or scales, of genetic changes through time, e.g. reduced heterozygosity and loss of alleles resulting from population decline linked to fishing pressure (Hauser et al. 2002 , Hutchinson et al. 2003 , Hoarau et al. 2005 , or temporal heterogeneity due to immigration from genetically differentiated populations elsewhere (Purcell et al. 1996) . In addition, effective population size (N e ), often several orders of magnitude less than census population size, can be estimated from a decline in heterozygosity (Nei et al. 1975) , or from fluctuations in allele frequencies through time (Waples 1989) , either over short intervals, e.g. several generations in fishery-based studies, or over a much longer timescale where large environmental fluctuations, such as glaciations, may affect N e .
Genetic data combined with radio carbon dating of shells could be a powerful tool in determining how species ranges have changed over time. For example, mussels in the southern hemisphere are thought to have arisen as the result of a migration event from the northern hemisphere, via the Atlantic Ocean, during a Pleistocene ice age (Hilbish et al. 2000) . Evidence for this has been based on an analysis of mitochondrial DNA sequence data from contemporary samples of preserved mussel tissue. Perhaps a more comprehensive view of events would unfold if DNA sequence data from museum collections or archaeological sources had been available for analysis. 
